The objective of this study was to perform a temporal and spatial analysis of the changes in the past global solar radiation based on climate models and remote sensing data in the State of Rio de Janeiro, Brazil for the baseline period These results indicate that these forest areas can function as islands of freshness, while maintaining the thermal comfort balanced. It was concluded that the dry period had the highest values of solar radiation compared to the rainy (57%), which can be justified by the occurrence of fires in Rio de Janeiro.
INTRODUCTION
It is widely known that the increase in the occurrence of environmental disasters caused by anthropic actions that lead to global and regional climate change is a topic currently widely debated around the world, fomenting discussions in the scientific and governance sphere over the Planet (DELGADO et al. 2014) .
According to the report The Human Cost of Weather Related Disaster prepared by the United Nations Office for Disaster Reduction (UNISDR) and the Epidemiology Research Center in Disasters (CRED), Brazil is the only country in the Americas that is on the list of the 10 countries with the largest number of people affected by the environmental disasters between 1995 and 2015. The report informs that about 90% of the disasters are related to the effects of climate change (KILL, 2016) .
In Brazil, the state of Rio de Janeiro is where the greatest number of natural disasters occurs, mainly related to floods and landslides. According to Civil Defense estimates, the state is the most vulnerable, having been affected by several serious events in recent years (SELUCHI et al., 2016) .
Global climate-related changes have been observed over the past century, mainly as a result of the global average air temperature rise at 0.85°C in the period 1880 -2012 (IPCC, 2014 . The main cause attributed to global warming is the increase in emissions of greenhouse gases (GEE) in the atmosphere from the pre-industrial period to the present time. Prolonged periods with extreme air temperatures are highly detrimental to the agricultural productivity, livestock, increased energy demand and electricity consumption, and damage to public health (BITENCOURT et al., 2016) .
In the context of climate changes, numerous physical-mathematical models have been used by several researchers in different regions of the globe and scenarios, such as the HadRM3 regional model used in the Western Amazon region by Justino et al., 2013 and Delgado et al. (2014) and the CIMP5 model used by Zomer et al. (2014) in Yunnan Province, China.
Several authors highlight the importance of solar radiation in agroforestry systems, in a study of solar radiation accumulation for the production of Cordia americana seedlings in the Santa Maria forest nursery, the authors stated that in the cultivation of seedlings, the water and nutrients supply are not present as limiting factors due to the possibility of control, whereas solar radiation controls the biomass production (TRAUTENMÜLLER et al., 2016) .
In this context, the objective of this work was to relate the changes of the global solar radiation passed through the basement through climate models and remote sensing in the State of Rio de Janeiro-Brazil.
MATERIAL AND METHODS

Study area
Global solar radiation (MJm -2 d -1 ) data from eight grid points coinciding with municipalities in Rio de Janeiro were used, generated by the output of . In this period, the accumulated monthly global solar radiation was calculated for the two models and for data from Conventional Meteorological Stations (CMS) of the National Institute of Meteorology (INMET), in according Allen et al. (1998) . For INMET, it was needed to use boundary stations because there were no station data coincident with all the grid points of the models (Table 1 ). The grid points coinciding with the municipalities of Porciúncula and Cambuci (RJ) presented the same boundary station and it wasneeded to exclude one of the points to avoid duplicate data, we chose Porciúncula. 
Descriptive statistics
After estimating the monthly global solar radiation accumulated in according Allen et al. (1998) , the descriptive statistics for the two CCCMA, GFDL and INMET models were performed. The statistical performance of the models was evaluated considering the simple linear correlation (r), coefficient of determination (r²), standard error of rstimation (EPE) and Willmott's index of agreement (d). By the evaluation of the Willmott's coefficient (1981 and 2005) it was possible to determine the agreement between the observed (EMCs) and estimated (CCCMA and GFDL)data.The Willmott's coefficient values range from zero, to no agreement, to 1, to the perfect agreement.
In which, observed value Oi is global solar radiation (MJm 
Geostatistical Analysis
For the geostatistics calculations, the software ArcGis version 10.2 and the method of interpolation of Ordinary Kriging (KO) were used, values of the nugget effect, range, reach, RMSE and the degree of spatial dependency (GDE) were obtained through theGeostatistical Analysttool of ArcGis 10.2, by using global solar radiation for the spherical, exponential and gaussian model for CCCMA and GFDL. For the analysis of the geostatistics results, the method proposed by Cambardella et al. (1994) was used, in the case of GDE <25%, the data have a strong spatial dependence, for 25% <GDE <75% the data have moderate spatial dependence and for GDE> 75% the data have a weak spatial dependence.After the analysis of performance and choice of the best model, through Cambardella et al. (1994) GDE was calculated only for the model chosen for the annual periods, dry (May to October) and rainy (November to April).
Remote Sensing
In addition, raster-based images the soil use and occupation in the state of Rio de Janeiro extracted from the Moderate Resolution Imaging Spectroradiometer (MODIS) MODIS Land Cover Type (MCD12Q1) sensor with 500-m spatial resolution were added to the maps. The method used was based on Ataíde (2012) , with modifications. for the state of Rio de Janeiro.
RESULTS AND DISCUSSION
The GDE values were better for the exponential CCCMA model, indicating a better adjustment of this model for the State of Rio de Janeiro (Table 2) . From this result, the GDE calculation was performed for the dry (May to October), rainy (November to April) and annual (January to December) periods of the State of Rio de Janeiro (Table 3) to evaluate performance in Different times of the year in the region.The result of the GDE for the CCCMA was better for the exponential model in the three periods, indicating strong spatial dependence for the rainy season and moderate spatial dependence for the dry season, according to Cambardella et al. (1994) . The lowest values of global solar radiation may be associated with the rainfall events, cloudiness, and the striking presence of the Atlantic Forest biome (ROCHA et al., 2003) . In the southern region of the state, according to André et al. (2008) can be explained by the conformation of the coast and the influence suffered by the high humidity coming from the ocean. The configuration of Serra do Mar relief acts directly in the state climate. The southern region receives larger amounts of rain due to the influence more direct from the ocean. On the other hand, the Fluminense North and Northwest regions are located farther away from the ocean, receiving fewer amounts of rain and cloudiness, which causes a significant increase in global solar radiation in these regions. in the state of Rio de Janeiro.
The areas with the lowest values of global solar radiation are shown in Figure 1 , these areas can function as islands of freshness, mainly in the A1B intermediate scenario ofIPCC, for the baseline climatology . According to the study developed by Delgado et al. (2014) in the State of Acre, the water bodies help to maintain the islands of freshness, since these islands do not reflect the energy received in the infrared range and still present low reflectivity. Another study emphasizes the river corridors as controllers of the environmental quality of a region, one of its attributions being the establishment of adequate climate control conditions (ÉRICA et al., 2011) . In a study of thermal comfort in three cities (Campinas, Bauru and Presidente Prudente) of the State of São Paulo Labaki et al. (2012) concluded that the tolerance for hot weather conditions is lower for users of thepassing space than for the wooded spaces, indicating that these spaces should receive special attention and optimize the thermal comfort of their users. In the work, it is evident that the nonforested areas present a greater gradient of the global solar radiation above 18 MJ.m -2 .dia -1 advancing in the Northeast region of Rio de Janeiro, characterizing a region of islands of heat and deficit thermal comfort. In general, the areas occupied by urban constructions, savanna and mosaic of cultivation presented higher values of radiation and the smallest ones being quantified in regions occupied by forest.For the rainy season, through the analysis of Figure 3 , it is possible to verify that the geographic distribution of global solar radiation is similar to the annual period. The global solar radiation data for the dry period (Figure 4) Results similar to those obtained in this study were found by Delgado et al. (2012) and Costa et al. (2010) , in which the authors verified that the lowest values of global solar radiation occurred in urban areas and with little or no vegetation. The authors concluded that this pattern is due to the fact that the concrete and the sand, used in the constructions, have thermal absorption properties, which causes the heat (irradiated) to be concentrated, resulting in areas of greater thermal field.
The presence of clouds in the atmosphere strongly modulates the absorption of global solar radiation, as they are good distributors of shortwave radiation. However, although the rainy season had a higher cloud presence and higher values of humidity, which would contribute to the reduction of global solar radiation absorption, in the dry period a global solar radiation value higher than the rainy season was observed in about 57% (CLIMANÁLISE, 2017) . In addition, today's tropical rainforests, after centuries of exploitation and millions of deforested hectares, now have large areas converted into pastures, crops and urban centers, contributing to the increased environmental degradation and burning (FIALHO; ZINN 2014; CAÚLA et al., 2015) . The loss of biodiversity due to anthropogenic reasons, followed by large episodes of forest fires, burnings and extreme droughts, leads to devastating consequences for the forest systems in the state of Rio de Janeiro, besides economic losses and an increase in social problems (Caúla et al., 2015) .
CONCLUSIONS
The GFDL model presented higher values of GDE, indicating a lower representativeness. The CCCMA model associated with the use of the exponential equation is the model with the best representativeness for the State of Rio de Janeiro.
In the rainy season, the model represents better than in the dry season, which can be explained by the GDE value of the rainy season being much smaller (0.21) than for the dry period (70.01). Locations in which the areas are occupied by rainforest presented lower values of solar radiation, corroborating the best adjustment of the CCCMA model using the exponential equation.
In the dry season, the highest values of solar radiation were verified in comparison to the rainy season (57%), which can be justified by the occurrence of fires in Rio de Janeiro.
RESUMO:
O objetivo deste estudo foi realizar uma análise temporal e espacial das mudanças ocorridas da radiação solar global passada baseado em modelo climáticos e sensoriamento remoto no Estado do Rio de Janeiro, Brasil para o período baseline 
